suMMARY Four patients with rupture of the interventricular septum after myocardial infarction are described. This condition carries a grave prognosis. Surgical repair of the septum is almost always urgently required if the left-to-right shunt is large (QP/QS>3). Results are better if surgery can be deferred for six weeks to allow the infarcted area to heal and the tissues to become firmer. This delay may be achieved by using a combination of agents to reduce afterload and to exert a positive inotropic effect. The timing of surgical intervention was an important factor in the survival of three of the four patients.
Ventricular septal defect after acute myocardial infarction was first described by Latham in 1846.1 Rupture of the ventricular septum occurs within the first few days of myocardial infarction when it is poorly tolerated. It accounts for approximately 0f5 to 1f5 per cent of all deaths from acute myocardial infarction. In the absence of surgical intervention the condition is almost invariably fatal. 2 Sanders et al. 3 found that 54 per cent died within the first week of perforation and only 13 per cent survived two months or longer.
The development of cardiogenic shock and severe left ventricular failure are the most important factors in deciding the outcome. Both are determined by the size of the infarct and the magnitude of the left-to-right shunt. 4 Repair of ventricular septal rupture was first attempted in 1956. 6 The optimal time for this is still uncertain; the results of early intervention are poor. [6] [7] [8] [9] This report describes successful repair in three out of four consecutive patients. The time at which operation was undertaken depended on early measurement of the size of the shunt and continuous clinical assessment of the patient.
Case reports CASE 1 A 54-year-old housewife was admitted with an acute inferior infarction (Table 1) . She was in sinus rhythm (rate 90/min) and her blood pressure was 150/105 mmHg. No murmurs were noted. Within 48 Received for publication 22 April 1980 hours of admission, complete heart block developed, preceded by sinus bradycardia and first and second degree atrioventricular block. The ventricular rate fell to 50/min and the blood pressure to 80/60 mmHg. Temporary atrioventricular sequential pacing was started. The blood pressure rose to 120/80 mmHg. Three days later sinus rhythm returned. The same day severe central chest pain recurred. The electrocardiogram showed sinus tachycardia at 120/min, with further ST segment elevation in leads II, III, and aVF. The blood pressure was 105/80 mmHg. The jugular venous pressure was raised with prominent 'a' and 'v' waves. A loud pansystolic murmur accompanied by a thrill was noted at the lower left sternal edge. A Swan-Ganz balloon tip catheter was inserted at the bedside. A large left-to-right shunt (QP/QS 4-8:1) was confirmed at ventricular level (Table 2) . Systolic blood pressure had fallen to 65 mmHg. Digoxin and diuretics were started along with a dobutamine infusion. In view of the size of the shunt, persistent hypotension, and increasing congestive cardiac failure operation was carried out 10 hours after the development of the ventricular septal defect. At operation the right ventricle was greatly enlarged. The inferior surface of the heart was the site of a large haemorrhagic infarct covering most of the base and extending into the mitral annulus. The left ventricle was opened through its inferior surface using a longitudinal incision through the area of infarction parallel to the posterior descending coronary artery. The mitral apparatus and the papillary muscles appeared (Table 2) . Treatment with digoxin, diuretics, and labetalol was started. Over the next few days he developed frequent ventricular ectopics which were controlled by oral mexiletine 200 mg tid. Subsequently a gradual increase in the pulmonary vascularity on chest x-ray films was noted and the heart became larger, suggesting some increase in the size of the left-to-right shunt. Labetalol was stopped. The heart rate remained at 95/min and the systolic blood pressure at 90 mmHg. Two weeks after ventricular septal rupture, a middiastolic murmur became audible along with third and fourth heart sounds at the apex. Six weeks from the onset of symptoms he underwent cardiac catheterisation and coronary arteriography ( At necropsy severe atheroma of the coronary arteries with a recent thrombotic occlusion of the left anterior descending artery were confirmed. There was massive recent infarction of the septum and the left ventricle. A healed infarct in the territory of the obtuse marginal branch was noted. The right ventricle was dilated and showed extensive areas of fibrosis and some infarction of the distal part. The patch closure of the defect was intact.
Discussion
After acute myocardial infarction it is often difficult to distinguish between a ventricular septal defect and mitral regurgitation secondary to papillary muscle dysfunction or rupture. Rapid confirmation. of the diagnosis of a ventricular septal rupture can be carried out at the bedside by right heart catheterisation using a balloon-tip flow-directed catheter. Mitral regurgitation is diagnosed by giant 'V' waves recorded in the pulmonary wedge pressure tracing. Mitral regurgitation and ventricular septal rupture rarely occur together.1' Coronary arteriography and left ventricular angiography carried out early after the ventricular septal rupture are associated with a high morbidity and mortality."
Septal rupture complicates anterior and inferior infarctions with equal frequency4 and there is good correlation between its position and the electrocardiographic location of infarction," as our patients showed.
Conduction disturbances are common. In five patients with acute inferior infarction James"t described varying degrees of atrioventricular block before ventricular septal rupture. Vlodaver clinical deterioration and progressive, refractory congestive heart failure and often cardiogenic shock mean that most patients do not survive that long. However, successful early closure has been reported within three weeks of infarction," 18 21-23 though only 50 per cent or less of these patients survived to leave hospital.18 22 23 The earliest attempt at closure has been within the first 24 hours.'1 In view of the high mortality of early correction it has been suggested that closure should be delayed until four to six weeks after infarction,9 19 21 but the optimal time is dictated by the size of the shunt determined as early as possible after septal rupture. Mundth et al. 24 suggested that operation should be considered in patients with a QP/QS of more than 3:1 and acute and refractory clinical deterioration within the first two weeks. Our findings support this view. Our first patient with an inferior infarction had a shunt of 4-8:1 complicated by rapid clinical deterioration within the first 10 hours and needed early surgery. The other three had shunts of 3:1 or less and it was possible to delay operation. Acquired septal defects after inferior infarction are often larger than those associated with anterior infarction and thus carry a worse prognosis25; surgical correction is difficult and rarely successful. Our single patient had successful surgery carried out 10 hours after the occurrence of the defect. To delay operation until approximately six weeks after infarction in our other three patients, a combination of drugs which have a positive inotropic effect and those which reduce afterload were used. The latter, that is isosorbide dinitrate, nitroprusside, and labetalol, lower peripheral vascular resistance and impedance to left ventricular ejection, thereby improving systemic blood flow. 26 Initial attempts at surgical repair were carried out via the right ventricle but were associated with poor results. There was difficulty in defining the borders of the defect, and when multiple defects were present they were concealed by the trabeculae of the right ventricle. The incidence of a residual defect and subsequent mortality was very high. The approach is now from the left ventricle where a clear view of the interventricular septum is obtained.6 21 The patch is put on from the high pressure side of the defect, diminishing the risk of recurrence. The left ventricle is entered by incising or resecting the area of infarction or the commonly coexisting aneurysm, which three of our patients had. The defect was successfully repaired in three of our patients and no recurrence has been detected. The remaining patient died at operation as a result of extensive infarction and severe coronary atheroma. 
